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FMEA CODE
COMPGRENT

PART NUMBER
SYSTEMPRURSYSTEM
FALLURE MOGE

PHASE

ENC

CRITICEAL ITEME LIST

PALE
: g500-13 ¥y PREPARED : B5ME RELIMEILITY
z BadD AY APPROVED :
= HPOTP €} DATE : 05-19-94
+ RSOOFFON 10y  REVISIDN/THANGE : 000
© PUMPSBXEN (FASCOS REOLIWE ACTIVE) 113 EFFECTIVETY ¢ -0
: LOSS OF SUPPORT, FOSITICM COWTROL, OF ROTORDYMAMIE STABILITY 121 HAZARD REFEREHCE 5EE LISTINGS BELOM
e O LLIMED-O RS

} FAILURE DESCREPTION/EFFECT [ CRITICALITY
BEAAING FAILURE RESULTE IN EXCESSIVE ANIAL O RADIAL DISPLACEMEMIS MMICN LEADS TD RUBBING OF TUREINE O PLME 1
COMPDMENTE, DIGENIEGRAVION OF ROTATING PARTS; RESULTING IN AN CO{[UIZER FIRE OR EXFLOSION. LDSS OF YEHICLE, HAZARD REF: ME-L1E,M,
| [ ME-L1N,E
REDUWDANCY SCREEMS: SIAGLE POINT FAILMNE; MW/R
INCREASED YIDRATION LEVELS RESULTS [N COMTROLLER INETIATED SHUTBOMM WHEN EASCOE REDLINE LIMIT 15 ENCEEDED. MISS[OM SCRUN. 1
LOSS ©F VEH[LLE (RIE T0 TUNNCPUMF FALLURE MAY RESULT IF EXCESS WIERATION IS NOT DETECTED. HAZARD REF: ME-LIE,M
RECLMOAMCY SCNEENS: 1URBOPLME SYSTEM - SERSDR SYSTEM: UNLIKE REDUMDARDY .
|
|A: PASS. RECUNDANT NARDMARE ITEMS ARE CAPAALE OF CHECKOUT OUR [MG WORMAL GROUND TURMARDUND.
[B: PASS, LOSS OF A REDUMDANT MARNUARE [1EM IS DETECTAGLE DURNING FLIGHT. |
C: PASS, LOSS OF REDUNDANT WARDMWNRE TPEMS OOULD MOT RESULT FROM A SINGLE CREMYBLE EVENT.
INCREASED VIBRATION LEVELS RESULTS 14 COMFROLLER INIFPATED SHUTOOWN WHEM FASCOS WEDLINE LINTT IS EXCEEDED. MISSIIN ANORT. | 1[4

NAZARD REF: ME-G15.M

REPUNCANCY SCREENS:

TURBOPUNP SYSTEM - SEMSOR SYSTEM: LUNLIEE HEDLUMDANCY.

At PASS. NEDUMGANT NARDWANE ITEWS ARE CAPAELE OF CHECKDUT BARING NORMAL CROUMD TUNNAROUND.
8: PASS. LOFS OF A HEDUNDANT HARGWARE 1TEM 15 DETECTABLE OURING FLIGHT. -
C: PASS. LOS5 OF REDUKDANT HARDUANE |TEMS COLLD NOT RESILT FROM A SINGLE [REOIBLE EVENT.
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CRITICAL ITEMS LTSI PAGE 2

[FAILURE CAUSE Az BEANEMG FAMLURE GUE To SPALLING, PITTING, WEAR OR CORROSIDN OF BALLS OR RACES; LOSS OF MAD|AL
| CLEARAMCE; CAGE FAILURE; LOSS DF COOLAMT: OR COHTAHMINATIOM IN BEARLWGS

THE HIGH PAESSURE OXIQIZER TURBOPUMF LISES TWO SE1S OF DUPLEX AEARING PATAS PRELOADED IH THE EXTERNALLY CONVEEE|NG
COWNTACT AMGLE COWF IGUARTIOM. DME SET OF S7mm BORE ANGULAR CCNTACT BEARINGS ARE USED AT THE TUREINE END €13 AND ANDTHER
SET OF 45mm BORE BEANIMGS ARE LOCATED AT THE PUMP EHD (2} OF THE TUREDFLUMF, BOTH SEY5 PROVIDE RADIAL POSITIONING DF THE
|SHAFT DIMEIME ALL PHASES OF OFERATION. W ADDITIOM, THE TURBIME END BEARIHES PROVIDE AXIAL RESTEAINT QURING THE SEART
|AND SILADOWK TRAMSIENTS, THE BALLS AMOD RADES ANE MANUFAGTURED UTILI2ZING $40C CRES, FOR ITS HARGHESS AND LOND CANRYING
ARILITY {31, THE ALLOY 15 SINGLE WADIAM HELTED TD HINIMIZE THPURITY FORMATION (1) (2). 17 15 AUSTENIZED, QUENCNED,
AND DOGELE COLD STABILLZED AKD TEWPERED FOR ADDITEOMAL HAROKESS AND MATERIAL DIMENSIONAL STAEILLTY (1) €2). &40 CRES
1S LON COMPATIELE ¢3). THE BALLS ARE PORITIONED BY A MANDREL WHAFPED GLASS FAGRIC/TFE (TEFLONY KESIN IMPREGHATED CAGE,
[WHICH IS5 BATCH TESTED Fi LON COMPATIBLLITY (3%, TEFLOM [TFE)} WwAS SELECTED FOR ITS HIGH LUBRICITY, WEAN RESISTAMCE RWD
|[HEQUINED MELHAMLCM. PROPERTLES (3). DRY-FILM LUERICAYTIDN [5 APPLIED D' TME CAGE AMD GACES WRAILE 1HE BALLS ARE SPUTTER
|LCATED ¥OR LIMIRTCATEON £13 (21, THE CLEAMING (&), PACEAGING, AMD STORAGE SPECIFICATIONS {5) ENSURE CONADS|CM-FREE
|EERRINGS #RIDR TO SEAVICE. EMEIHE DRYING AMD PURGING PADVIOE & POSITIVE PAESSURE BARMIER FAOM AMBIENT MOISTURE EWIRY
|INTC THE TURBOPUMP. CDOLAMT 10 TNE FUMF ENO BEARINGE IS SUPFLIED BY THE LEREAGE FLOW OF THE REAR PREHUNNER e
|PANPERG SERL ELEMENTS AKD S COWIROLLED 9Y DREAMING DIMENSICNS {4) 7). &M RHT[-WORTE® DESIGR INCORPORATED [NTD THE

| SUPPORT REDLCES THE CODLANF FLOK UNIRL UPSTREAM OF THE BEARINGS {8). COOLAMT FOR THE TURBINE END BEMRINGS [5 SUPPLLED
Io1 TME DIVERTER RIMG (93. THE COOLANT ORIGIWATES FROM THE PEEGURMER [MPELLER [HLET WHICH |T METERED AT THE BOLLOW
JPRENUSWER IWPELLER HOLT {101, THE COOLANT FLOMS THTERNALLY THROUGE THE SHNFT TOMARDS FOUR RADIAL PASSAGES MALLCH FEEDS
|THE WAMIFOLD OF THE DIVERTER RING. THE RING HAS MULTIFLE DiSCHARGE JETS TO PREVENT TOTAL BLUCHAGE UF FLDW {93
CLEANLINESE REQUIREMENTS DUAING ASSEHBLY {ET) AMD AT THE WEHICLE PNOPELLANT CLEAMLINESS (123 LEVEL MINIMLIES THE
FOTENTIAL OF COOLANT PASSALE BLOCKAGE, RUBEING Al SEAL CLEARMRCES, AHD BEARING SUAFACE DEGRADATION FROM COMTAMIKAT JON .
A TWO-LCOHED HEARIMG NETEWTECN WUT (133 15 UTILIZED OOMWETREAMM OF [NE NO. X BEARING FOR DF1IMIZATION OF THE PRESEURE
ENVINOMHENT FOR CAGE LIFE, THE INCREASER IMNER AALCE SNOULDERS PERMIT WIGH CONTACT ANGLE LONTING FOR TMPAOVED AWIAL
THRUST CAPABLLITY (1) (2}. THE BEARJNGS ARE WEAR LIFE LiMITED BY MAJOR WALVERS [15], COMTINGED USE WITH ALLOWANBLE
DISCAEFANCIES RESULTING FROM DPERAVION 15 EVALLATED AMD COMTAOLLEC PER THE RECUIPEMENTS OF TFHE MAINTENAMCE CONTAGL
DOCUMENT {15). '

)
{2
{3
14)
t5)
(&
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£
9
[<1;
13
123
(133
(15}

(152

REODFPES
RIOGFPE
Ri5-B5TA-1
EATE10-051
FLOEIM &
R5007725%
RSHFT68
R3OFE3Y
REDOTISE
RS0OTT24
RL1GOM

Lo 13815000
RE0OTTS
bAR 2054
ORR 2082
kis-Ar93




hpril 19, . .4 CRITICAL ITEMS LEST PAGE 3
| ciL 17EM: B4DO-13 | ' DESIDN | DOCUMENT REF, |
| [FRILLRE CRUSE B: EXCESSIVE PEP DAMPING SEAL CLEARANCE
I I
| TRE FROMT {1) AMD REAE PREBURNER FUMP DAWPING SEALS C2) PROVIOE DAMPING AMD STIFFNESS TO THE ROTOR ASSEMBLY AT TNE (1) REOOTTLL
| PAEBLRKER PUMP INPELLER [3) LOCATION, THE FROW! DAMPING SEAL 15 PILUTED BY TME FHDNT NETAINER NING {4) AND THE (2 RSO077Fés
| PAEBLRKEN FUMP VOLUTE HOUSTWG (5}, THE REAR DAMPING SEAL IS PILOTED Y THE SUFFORT (63 AKD REAN EETALNER RING ¢7]. (1) RSO7HS
{ THESE TUBASSENBLIES ANE SECLREDN BY BOLTS {43 WITH LOCKWASHERS (91. TNE DAMPING SEALS ANE MANUFACTURED UTILIZTNG (4  RE007754
| SELVER, WHICH WAS SELECTED FOR IT5 TEMSILE STRENGIH, [GNTTIDNW RESTSTAMCE, THERMAL DOMDUCTIVITY, WERR RESISTANCE, AND (53 ASOOFTHO
| FRETYING CHARACTERISTICS (1D}. THE RETAIWER RINGS ARE MANGFACTURED UTTLIZING K-HONEL, WNICH WAS SELECTED FOR ITS (&3 RESDOTRRT
| TENSILE STAEUGTE, [CNIIFOM WESISTAMCE, SUCTILITY, AND TOUGHNESS CHARACTENISTICS AT CRYOGENIC TEMPERATURES, AND CONRUSION |47} WSDOTTAI
| |RESISTANCE (T0). THE ALLOY 1% SOLUTION NEAT TREATED AND AGE-HARDEMED [4) €73. THE BOLTS AWD LOCKWMSHENS ARE 18}  RS0O7TZ
| [WAMUFACTURED UTILTZING A-286 CRES, WHICH WAS SELECTED FOR IT5 TENSILE STREWGTH, DUCTILITY, ELASTIC WODULUS, AUD 19}  ASDOTIOL
| RESISTANCE TO COARCEION AND STRESY CORROSLOM CRACKENG (10F. THE ALLDY (5 SDLUTION WEAT [AENTED AND AGE-RARDENED (] {10} RSE-H5TI-1
| {?p. THE LOTELASNERS ARE AMNEMED FOR THIS BEWDING APPLICATION ¢9). DRY-FILM LUMRICATION IS APPLIED TO YHE AC0LTS AND Jtaly RLDGE1A |
| |WASHERS TOD RELIEVE FRICTEON AND ALLOUS EOUAL LOWD OFSTRIBUTION TO TNE THREADED SURFACES (A) {P3. FHE LOCEUASAERS ARE |12y rLIDOM
' |SECURED PLRING ASSEMELT TO PREVEMT NOLT DISENGAGEMEA! DUNING OFERATEON. ASSEMALY PROCEDURES FOR LOCKIMG DEVICES ENSURE (13} 1o 13M15000
[PEFECT-FREE ENSTALLAYION (19). THE SEALS ANE HACHINED WITH ACCOMMOOATIONS FOR PRESSURE DEFLECTIONS 10 ACRIEVE THE
CESIREN TAPER MM CLEARANCE DURIHG OPERATEON {13 423, AN INTERWAL KHURLED ©1AMORD-SMAPED PATTERN E5 JWCCRPORATED OM
m THE SEAL ING SURFACE TQ MINIMIZE THE TANGEMTIAL YELOCITY COMPONEMT $0M ENHANCED ROTORDYNAMLC STABLLETY, THE DAMPING i
! SEALE PROVIDE SUFFICTENT LGAD CARRYING CAPABILITY TQ PREVENT SNAFT COMTACT DURING OPEAATION. CUEANLIMESS EECUIREMENTS |
E JOURING RAMDLING AMD ASSEMBLY [12) AMD AT THE VEWTLLE PROPELLAMT CLEAMLIMESS {133 LEVEL WINIMIZES THE POTENTIAL OF |
= CONTAMERATION PNDUCED RUMILING OF THE SEALS, CONTAMINATES EWTRAINED [N YHE FLOW STREAK ARE ACCELERATEG CEMTRIPETALLY
. JFROH THE IMPELLER DISCHARGE INTO THE WOLLME.
FAILURE CASE [: LOBE OF BEARIAG RETAIMING 8OLT PRELOAD
r
f
PURP END BEARIRG LDADS ARE TRAMSNITTED FNROUGH THE 1SOLATOR (1) TO THE SUPPOAT STRUETURE (23, THE ISOLATOR I5 RADFALLY {13 RSODFGES
PTILOTED TO THE SUPPORT AND 15 RETAENED B¥ NINE BOLYS (3) WITA LOCKWASHERS {4). THE BOLTS ARE MANUFACTURED UTILIZING (23 ESOOM937 |
A-2B4 CRES, WHICK WAS SELECTED FOA 17% TEWSILE STRENETH, DUCTILITY, AMD ELASTIC MOBULUS (33. THEE ALLAY [S SOLLNIOW 3> r0a11320 |
HEAT TREATED {Ji. DRY-FILN (URRICATION [S APPLEED TO THE TAREADS TO HIMIMIZE FRICTION WNILE ALLOVING EQUAL LOAD 4y RO0I7359
[OISTRIBUTEON TO ALL THE THREADED SURFACES (3). THE LOCKWMEHES ARE YIELDE® AGATHST THE 9O0LT MEARS TO PREVENT €5y REE-BSTA-11
[DISEMGAGEMEUT DURING OPERATION. THE LOCKUASHERS ARE MANUFACTURED UTILIZING 327 CRES (4). 1THE ALLOY IS DUCTILE AMD (6} RLODB1G
|[RESISTANT TO CDRROSIOM AMD STRESS CONRDSION CRACKING ¢55. 1T RECEIVES A SOLUTIOW WEAT TREATHENT M IS DRY-FILM (71 RLODS3Z,
|LUBAICATED €6}, ASSEMALY PROCEDLRES FOR LOCEING DEVICES ENSIME DEFECT-FREE INSTALLATION {4), TNE BOLTS AND PIORULOIE
| JLOCKWASHERS ARE ASSESSED TOI NAVE INFIMITE LIFE (7] ANO ARE MOT TRACKED BY SERTALIZATION. 10SS OF SUPPORT AMD POSITION
| JCENTROL MOULD REQUEAE LSS DF PRELCAD T ALL MINE BOLTS, SiMCE THE [SOLATOR IS RADIALLY PILGTED Ta FHE SUFPORT. !
f |
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| CIL ITEM; B&0-13 BESIGH | DOCUMERT REF, I
| FRAILURE CAUSE D= CARTRIDCE WEE FAJLURE OR LOSS OF SUPPOST
|TURBLME EMO BEARLNG LOADS ARE TRANSHITTED THROUGH THE CARTRIDGE (') TO THE SUPPORT STRUCTURE {(2), THE CAMIEIDGE % (1) RSQ0F9TL
FADIALLT PILOTED BY THE SUPPORT, WHTCR 15 SECURED TO THE MAIH FUMP RDUSING BT 18 BOLTS {33 AND LOCKUASHERS {4), THE (2] RSODTRTS
CARTRIBEE [5 SLOTTEDN BETWEEH THE BEARIHG CARRIER ANG THE MOUMTIHG FLAKGE AND AL1S AS A LLGHT SPRINE 1) TO ACCOMMODALE 31 ASODTRAS
SHAFT MOVEMENT . AX[AL SHOULPERS ARE FRONIDED EY THE SUPPORT AND AMTI-VWONTEX HI4G (5) TO COMTROL SHAFT ANTAL MOWEHENT . 41 RODITHBAT
| | YHE CARTREUEE 15 HWAMUFACFURED UTILIZING AN JNCOMEL F18 FOAGING, WHICH WAS SFLECTED FOR ITS TENSILE STREMGTH AMO (51 RSOOTPTS
|ml.‘:l‘ltlT'|' {WER A HIDE TEMPERATURE RAMGE, NWIGH MODUILUS OF ELASFICITY, AND CORROSICN RESISTANCE (6), THE ALLOY I3 SOLUTION |(6) mS5-B5TS-11
|HEM‘ TREAFER AND AGE-HARDEMED (7). TEE JOURNALS FOR THE BEARING RACES AND SUPFORT PLLOT, AMD THE BEARING FRELOAD (7M1 RLOOB1&
SPRING LIP, ARE CHROME PLATED TO MIMIAIXE FRETTING AND GALLING POTENTIALS ¢1). DEY-FILW LUERICATION 15 APPLIED (B) RLODSER,
! THRUGHDUT THE FART T MIN[MIZE FRETFING AND WELIEVE FRICTIIN AT TRE SLODING INTERFACES (13. 1HE SUPPORI HDLTS ARE CPAZDROGOSE
{ [MANLFACTURER UTILIZIMG A-2B8 CRES, WHECH WAS SELECTED FOR ITS TEMSILE SrRENGTM, DUCTELITY, ELASTIC MODULUS, AMD (?1 oAt 2293
RESISTAMCE TO CORROSION AWD STRESS COMROSION CRACKEIME [63. THE ALLOY 14 SOLUTION REAT TREATED, COLE WOREED, AGED, AN
(OLD WORKED AGAIM £31. THE THREADS ARE DAY-FILM LUERICATED TO RELIEVE FRICTION AWD ALLOW EOUAL LOAD BISTRIEUTION TO
THE THREADED SURFACES £3). THE LDCKWMSHENS ANE MAMUTFACTURED LTILIZING 521 CHES, WAICH WAS SELECTED FOR ETS TEASILE
i STRENGTH, DMCTILITY, AND RES[STANCE TD CONROSIOMN AND STAESS COAROSION CRALKING {&). THE LOCKWASHERT ARE SDLUTLOM HEAW ;
TMEATED ARD ANNEALEQ FOR THIS SEUDING APPLICATION (£). THE LOCKMASHERE ARE VIELDED AT ASSEMOLY TO PREWEWT BOLT
DISENCACEMENT DURIHE CPERATION. ASSEMOLY PROCEDURES FOA LOCKING DEVWICES ENSURE OEFECT=-FREE INSTALLATION (7). THE
m |CANTRIOEE 1S HIGH CYCLE FATIGUE LIFE LIMITED BY MAJDR WAIVER [%). THE HOLTS MND LOCKMASHERS ARE ASSESSED TO WAVE
' IMFINITE LLFE {8 AD AAE HOT TRACKED BY SERLALITATIDN. -
ra !
a |FAILURE CAUSE E: LOSS OF BEARING RETAENER KUY PRELDAD |
|
| I?I'E PUNE SEARING RETAINER NUT {1% PROVITES AXIAL RETENTIOH OF THE PUMWP BEARLKE INMER WACES ANC SPACER 1O THE PREBURNER [£1F RO 7254
1 MR IMPELLER (2). THE WUT !E SECURED FAOM ROTATIDW BY THE PUMP BEARING LOCKMASREN (33, WHICH 15 TIELDED DARINE |2+ REDDTTS
| ASSEMELY. THE PUMP BEARING WUT [5S WANMUFACTIRED UTELIZINE IMCOMEL 718, WHICH WAS SELECTED FOR 1TS TENSILE STRENGTH AMb |43 REDOFT22
| DUCTILITY OVER A WIDE TEMPENATURE ARKGE (4). THE ALLOY IS SOLUTION TREATED AND AGE-MARUENED (1). 7THE TURBINE BEARIWG |¢% m53-B57E-13
| [RETALNER WJT {5)] PROVEPES ANIAL RETEKTION OF THE TURBINE BEARING [MNER RADES, SPACER, DEVERTENM, LAGYRINTR 3EAL, WATING |{5:|- RE00TTIS
| |rrnG, AMD TMWEN HEAT SHIELD TO THE SHAFT {&3. TRE WUT IS SECURED FNOM ROTATEOM NY FOUR T4 ¢OD¥S CF), OME OF WNECH [E I(&} REOOTI0Y
| TEELBED OURING ASSEMALY, VWHE TURGELWE BEARINE WUT 15 MEMUFACFURED GTILLIZ ING K-MONEL, WMEDH WAS SELECTED FORt IS fer1  REDTTIS
| RESISTANCE TO [GMITION, TENSILE STRENGTR, DUCTILITY AND TOUGAMESS AT CHTOGEMIC TEMFERATUNES, AMD CORROSION RESLS1AMCE [t81  RLOORI4
| (41. THE ALLOY 15 SOLUTHOM HEAr TREATED AND AGE-HARDENED (5]. THE FUMP BENLING LDCKWASHER AND THE TURBINE BEARING “T® [¢?) RiOD532,
$ LOCKS ARE MASUFACTURED UFEL1Z[WG 102 CRES, WMICA MAS SELECTED FDA 175 TEWSILE STRENGTH, OUCTILITY, AND RESISFAMCE T4 | ChI20R0MARA
| CORROSION AMD STRESS CORROSION CAMCKING (4). THE ALLOY 15 ANMEALED FOR THIE BEMOTHG APPLICATION (4}, DRY-FLLM |
| LUNRICATION (11 £2) <3 [5) £&) 73 IS USED DN ALL OF THE MOTED PARTS 73 RELIEYE FRICTICN AND ALLOW EGLAL LOAC 1
i OISTRIBUTION TO THE THREADED SURFACES. THE THREADS OW THE NETATHER MUTS (1) {5) ARE FAGRICATED TO DRAWING |
| REDUIREMENTS FOR LNCREASED IMSTALLATION CLAWPIWG FORCE, ASSEMBLY PROCEGURES FOR LOCKING DEVICES ENSURE DEFECT-FREE |
| INETALLATION CB). THE NUIS AND LDCKS ARE ASSESSED TO HAVE INFIMITE LIFE (9) AMD ARE NOT TRACKED 8T SERIAL IZATION. |
| |
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[FRILURE CAUSE F: REANIHG PRELDAD SFRING FALLURE

THE DEARING PRELQALS ARE SUPPLIED BT STEF SPRENGS (1) (2) ACTING DN THE OUTER RACES OF THE FUMP AND TURBINE ERD
BEARINGS, TNE SPAIHGE ARE HAMJFACTURED UTILEZING [NCOLOY 905. INDOLOY %03 15 AV 1ADN BASE ALLOY WHICK ENNIBIIS A LoV
THERHAL EXPAMSION COEFFICIENT ANO AN INTERMEDIATE ELASTIC MODULUS, BRTN OF WHICH ARE WEARLY COHSTANT OVER A UIOE
TEMPERATURE RAALE, FAUS AFFORDING A WEARLY CONSTANY SPRING ETREWGTE (13. THE ALLOY IS SOLUTICN REAT TREATED AND AGE-
HARDEWED (1} (2). TNE WATERIAL [6 RESISTANT TQ STRESS CORROSION CRADKING [3). THE AWOUNT OF PAELOAD B5 SET BY CUSTON
SRINDING THE THICANESS OF THE SPACENS WEICH SEPARATE THE IWNEM RACES, TO MAINTALN THE OESIRED ORERATEONAL PRELOAD,
[COMPENSATION IS WADE FOQ THERMAL AMD CEMUE|FUGAL DIFFERENTIAL GAOMTK OF THE [NWER RACES, SHAFT, AND OUTER BACES. THE
[TURBINE EMO PRELOAD SPRING [ HIGH CYLLE FATIGUE LIFE LIMITED BY MAJOR WAIVER ().

FAILURE CAUSE C: ENCESSENE TURBENE THTERSTAGE SEAL CLEARANCE
|
| THE INTERSTAGE SEAL CONTREBUTES DAMPING AMD STIFEMESS T0 THE POTOR AT THE TURBINE LOCATION. THE SEAL BESIGM |5
COMPRISEC OF TW0 ELEMENTS: A ROFATING EMTEASTAGE SCAL RIMNE £11 AMD & STATIOMARY SEAL SUBASSEMELY, UNLCH |5 PART OF THE
SECOND -STAGE NOZELE (2}. THE INTERSTAGE SEAL RING |5 MANLFAC TURED UTILIZING AN IKDOLOY 0% FORBING. IMCOLOY 903 12 AN
RN BASE RLLOY WHICH MRS SELECTED FOR 1Y% TEMSELE SIREMGTH, AND RESLSTANCE TO STRESS CORRIISION CRACKIAG AMD HYOROCEM
ENVINOWMEMT EMBRITTLEMENT (3). THE ALLDY IS THERMO-MECNAMICALLY PROCESSED FOR |MPADVEQ HIGH FEMFERATURE STRESS RUPTLRE
[METILITY (3), SOLUTIOH KEAT TREATED, AND AGE-HARIEMED t13. THE INTERSTAGE SEAL AIHG IS PILOTEG BY THE FIRSP-3TAGE
|eiSC (i) AMD SHAFT ASSEMELY (5). TANGENTIAL RETEMTION 'S FROVIDED BY FOUN TANGS ON THE THMER DIMMETER OF ‘THE RING (11,
[WHICH ENGAGES ULTH SLOTS DM THE SHAFT CURVID, THE RING |KCORPORATES FOUR YENT RDLES AT TAE LFSTREAM LOCATION, WMICH
|PRESSURIZES THE IMTERMAL CAVITY ESTAHLISHED BETVEEN THE DLEC, SHAFT, Aub ENTERSTAGE SEAL RING. TNEY FEATURE REDUCES
THE PRESTURE CIFFERERTIAL ACROSS THE SEAL REMG WHILE ENHANCING THE RADIAL PLOT FIT AT THE LDMMETREAM SHAFY INTERFACE.
THE STATIDNANT EEAL SUSASSEMBLY CONTAIMG A SEAL AND NETAINER ELEMENT, THE SEAL IS MANUFACTURED UTILIZING LNCONEL 625,
|WNICH WAS SELECTED FOE ITS STREMGTE AT ELEVATED TEHPERATLRES, FAORICARILITY, AMD ERAZEARILETY 3b. THE ALLOT 15
AMNEALED, FORMED INTO HONETCOME OELLS, AND HRAZED {2) OMID THE RETAIMER. ALTHOUGA INCOMEL §25 [S AFFECTED &Y WiSH
PRESSURE HYDROGEN, PROVECTION LS NOT REGUIIRED OUE TO FNE LOM GPERATIONAL STRAINE (1), TNE REFAINER 15 MANUFACTURED
UTILIZING ARHEALED HAYMES 188, WHICH WAS SELECTED FOR [T STREMGTH AT ELEVATED TENFERATURES, CORADSION AESISTANTE, AND
RESLSTAMCE TO OEGRADACIDE 1IN HIGN PRESSURE CASEQUS HYDROGEM {13. THE RETATWER, HITH THE ATVACHEQ SEAL, 15 SECUEED 1D
THE SECOMO-STAGE WOZZLE ASSEMELY BT & RIVETS [21. THE WOMEYCOME CELLS ARE DESEECNED 10 ACCEPT CONTACT FROM THE
ENTERSTAGE SEAL RIWG. DRAWING DEMEHSEOMAL REQUIREMENTS EHSUNE SEALING COMIROL NETUEEN THE TWOD THRAINE SIAGES. ENCINE

[ORYING AND PURGING REQUIRERENTS PAECLUOES TAE FORHATEON OF FCE CONTAMIMATIGH INDUCED AUEBING. THE SECOND-STAGE NOZZLE

[MEEYS CEl REQUIREMENTS FIM HIGH CYCLE FAYIGUE LIFE [&}, BUr IS LW CYCLE FATIGUE LIFE LIMITED EY MAJON WAIVER (k.

|
|
ety
2}
[t
141

M
T3
|
MELE
143
(5)
{8y

[cr

DOCUMEMT REF .

LA L o
ROZZI0
RES-B572-11
DAR 2033

RS007%57
ROOIS02T,
E500775 2
RES-B57R-11
RSO07705
RSO07703
RLOVSE2,
CPI20R0003E
oA 2147
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|FAILURE CAUSE W: EXCESSIVE PRIMART AMD SECONDARY TURBIME SCAL CLEARANCE

DARFING AWD STIFFRESS ARE CONTHIENTED @Y THE TURBINE SEAL ELEMENTS TG THE RDIOR. THE DEGREE OF DOWIRIBUTLION (5 BASED 1) AS5-A578-1
ON THE GRERAYENG CLEARANTE ESTABLISMED BETWEEW TME SEALS AMD THE SHAFT SLEEVE. THE TUREIHE SEAL ASSEMOLY COWSISTS OF A (23 WSOOTHEE
|HMES NG AND TWD SEAL ELEMENTS. THE HOUSING 15 FAENICATED [N THREE FIECES [HOUSENE, RETAIRER, ENWD FLATE) UTILIZING 3> R3007T03
|INCOLGY D3,  INCOLOY ¥03 IS5 AW 1R0ON BASE ALLOY WHICH WAS SELECTED FOR 1T TEWSILE STRENETH, AND RESISTAMCE TO STREES
|CORROSEON CRACKING A40 NYDROGEM ENVEROMMEMT EMERITTLEMEN [1]. THE ALLODY IS SMUTEDH NERT TREATED AMD AGE-HARDENE]
€2y, 51K MASTI0ZEDS- %4 SCHEWS ARE WSED TD ASSEMBLE THE HOUSTHG. THE SCREW THREADS WRE ORT-FLLM LUBRICATED FOR EQUAL
LOAD DESTRIBUTION AMD FNETTING PROTECT 0N, AND THE HEADS ARE STAKED TQ PREVEWY SCACW DISENGAGEMEMT {2). ORY-FILM
|LUBRICATIDN 1S ALSO LITILNZED AT THE SEALING %URFACES NHERE TNE NOSE PADS OF YHE SEAL ELEWEMTS COMTALCT THE HOUSING FON
|EASE OF SEAL WOVEMEWT (2}, THE SEALING SURFACE [S EROURD TO ACHIEVE A MICROFINLSM SURFACE {3). MULTIPLE BAD|AL
FASSAGES ARE MACHINED fA0H THE PEIMANY AMD SECINDART CAYIVIES FOR REDUNDANT FARALLEL DRAIN PATHS T THE MAEN PUMP
HOUSTNG BRAINS £2). THE HOUSERG ASSEMOLY |5 RADTALLT AMD AXIRELY PILOTED TO THE MAIN FMUMP HOUSING AKP [9 SECLRED BY 18
HOLTS. YHE SEAL ELEMENTS ARE MADIALLY FREE-FLOATIME 10 ACCOMMODATE SHAFT DYUAMIC GEFLECTIONS AND NMTILIZES & DLAL NOSE
PAL: DESEGN ON THE DOWNSTREAM FACE FOI HYPASS LEANAGE PREVENTION (21. THE PADS ARE EROUND TO ACHIEVE A MICHOF INISH
SURFACE (2>, THE SEAL ELEMEAYS CONTAIN AN DUTER ADARTER NING MANUFACTURED UTLLIZING IMCOLDY 903 AMD AN |MMER RING OF
CARECH P-SM. THE ADARTER RING PROVICES AM INTERFERESCE FIT TO THE CAREOH RENG AHD HAS ANTI-ROTATION TAMGS OM THE OUTEN
OTAMETER TO LIHIT TAMGENTIAL WOVEMEMT {Z). THE CARBOW RINGS ARE MANUFACYIRED LT ILT2IMG FURE CARSOM CRAPHITE, LHICH IS
SINTERED IN A PREFORM EHAPE. THE MATERIAL 15 THEN IMPREGHNATED WITH CITHTUM-FLOURICE TO EMHANCE WEM RESISTAMCE (11.
115 WERR RESISTANCE, COEFFICIERT OF FRICYLOW, AND LIGHTWE IGHT RESFOMSE ABILITY T SAAFT MOVEMEMT ARE SUITER FOR THIS
MFFLICATICN €13, OQURING DPERATION, THE SERL MIKGE ARE HYDRUDYWAMICALLY CERTERED BY PRESSURE LOWDIHG OH THE COMVERGIAG
|TAPER DESICM OF FHE |NNER JOURKAL DIWMETEN (2). THE SLEEWE 15 ALSO FASRICATED UTELIZIHG INCOLOY 903 AND [§ SOLUTION
|[HEAT TREATED AMO AGE-NARDEMED (3]. THE SLEEVE 15 FLAME-SPRAT COATED UITH TUNGSTEM CARBIDE AMD THEN FINAL FIFISH GEQLINO
0 THE SHAFY TO ACHIEVE A HICROFINISH SURFACE (3). YHE TUNGSTEM CARBINE PROWIDES A HARD FINISH FOR ENHANGED WEAR
RESISIANCE. THE SLEEVE 15 RADIALLY POSITIONED BY TWO PLLOTS 04 THE SHAFT WHITH ALSO FROVIDE AN AXIAL SHOLKOER,

* e B R — f— —————————

08z -4

FRILURE CAMISE 1: FRETIIWNG OF BEARERG AND/OR CARTRIDGE OW 1SOLATOR

PUMP END BEARING £1) BAXIAL LOWCS ARE TRANSHITTED TMRULGH 1HE 1SOLATOR (21, WHECH IS PILOYED AND RETAIMED BY THE {11 ws007PSS
| |SUPPCRT (3) BY @ BOLTS (&) ARD LOCKUASHERS {5). THE UTER RACES OF THE $UMP END GEAREMGS ANE DESIGMED TO SLIDE AXIRLLY  [{2) RSOO7®SE
1O ACCOMMOGATE SAAFT MOTION. THE RSOLATOR 15 MANUFACTURED UTILIZING FORGED [NCDMEL 718, WHICH WAS SEECIED FOR TS [{Y)  R50079%7
TENSILE FYNEMOTH AMD QUCTILITY OVER A HIDE TEWPERATURE RAMGE, HIGH MODULLES OF ELASTICLTY, AND CONNOUSION MESISTANCE ¢4k,  [{4) ROO11520
THE ALLOY [5 STAUTION NEAT FREATED: AUD ACE-HAAOEMED €2). YHE BORE DIAMETER S CHROME PLATED <23 TO FROVIDE OJ55IHILAR (5) ROOAT2SY
|[HARDUESS AS COMPARED TO THE BEARING MATERIAL. DRY-FELM LUERICATION 15 UFILIZED AT THE BORE TD FURTHER MIMIHIZE té) RS5-8578-11
[FRETTING PDIENYEALS WHILE ALLEVIATING FRICTION (2). THE TUERINE END BEARING (7] RADINL AMD AKIAL LOADS ARE TRAUSHITIED  [€Ty REOO7955
|THROUGH TRE CARTNIDGE [BY TO THE SUFFORT (P). THE CANTRIDGE IS FILOTED @Y THE SUPPORT WHICH |5 SECURED TO THE MAIN (8} MS00MTE
[HrsEuG mY 18 BOLTS (100 AND LOCKMASHERS (113, THE CARTRIDGE IS MAMUFACTUNED UTILIEING FORGED IMCONEL #1B, THE (%) MSOOTITS
[CARTRIDGE 1% SDEUTION NERT THEATED AND AGE-HARDEMED (B). THE CARTRIBEE (5 HIGN CYCLE FATIGUE LIFE LIMITED BY KAJOR C10} RSDOTAS
! [MAIVER (14]. CHNOME PLAT[MG 15 UTILIZED AT THE BENRING BONES AND TNE CARTAIDGE TO SUFPCRT INTERFACE TO POV IDE 11y ROMTHET
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| cTL fTEM: B4DQ-13 | ' QESIGN | DOCURENT REF . I
{CISSINILAR SURFACE HARDMESS (B). DRY-FILM LUDRICATION IS APPLIED TO THOSE LOCATIONS 1D MINPMIZE FRETTING POTENTIALS 1% ROD1223D
WHILE MLLEVIATING FRICTICU {8). TNE BEARING BALLS AND NACES ARE MAMUEACTURED UTILIZING Li0C CRES, WHICH WAS SELECTED A3} RODYZZZD
FOR 175 HARDHESS AND LUAD CARMTING ABILITY €46). THE ALLDY 1S SIMGLE WACULM MELTED TO MIMIMIZE IHPUREITY FONMATION in C15F DAR 2203
[7%. ET 15 AUSTENIZED, 4UENCRED, CDUBLE (OLD STABLLIZEQ, ANO TEMPERED FOR ADDITLONAL KARDNESS AND 0FMENSLONAL |
STABILETY {13 {7y, THO SPRINGS {12) ARE USED 10 FREOVIDE PRELCAD 10 THE TURBINE END HEARINGS, WMILE A SINGLE SPHING | i
[13] IS UTILIZED BETVEEN THE PUMP EAD EEARIMCS. [WE SPRINGS ANE WAMUFACTURER UTILIZIHG [NOOLOY %08, LWCOLOY 903 [5 AW |
IRON BASE ALLCY MRECN WAS SELECTED FOM ITS LOW THERMAL EXPAMSION COEFFICIENT, JNTERMEDIATE ELASTIE HOGULUS, AHO
RESISTANCE TO JIRESY COKRUSION CRACKING (4). THE ALLOY IS SULUTIDN HEAT TREATED AND AGE-WARDEMED (12 (3. ROTATING
LCADS ARE PANFEWED M THE #MASE [1 DESIGM. COMPDHEMT AND MOTATING ASSEMBLY DYMANIC BALANCE FURTHER REQUCES SYMCNRONOUS
LIMEAL ANCE . 1

e e e - a E NNy mmEAA- e s micc-raa

FAILURE CAUSE J- LUOSS OR INCREASE OF DEADHAWD

DEADERMD |5 DEFIRED A% THE RADFAL CLEARANCE DETWUEEN TWE BEARENG GUTER RAEES (13 42 AND FHE ISOULATOR £3] AMD CARTAIDGE 1Ty NS0O7¥5AH
[¢4> NORES. THE CLEARAMCE FERMTTS NOM-RESTRICTIVE LEARING MOVEMENT AMD |5 ESTAHLISHED T ACCOUNT Fo OUTER RACE TiLT (2 REODTYSS
|SUE TO LOMAING, AMD GROMTH DUE TO THERMAL HEATING. THE [SOLATOR AND CARYNLDGE ARE BAMUFACTURED UTILIXING FORGES InmCOMEL  [(3) RE0A7%I3

m l?"lﬂ. WHICH WAS SELECTIED FOR FTE TEMSILE STREMGIH Awd DUCTILITY OVER A WIDE TEMPERATURE RANGE, HIGH MOCULUS OF ELASTICIIT, (%] RSGO7VFS
! AND COMRDSTON RESISTANCE (5. THE ALLDY 15 SOLUTION WEAT JREATED AND AGE- NARDENED {1) (4). THE OOME DIAMETERS | [3] RSS-857B-11
E OF THE 1SOLATDR AMD CARTRIGGE ARE CHNRIVE PLATED T0 FROVIDE A HARD COMTAET SURFACE FOR THE BEARING OUTER HACE, AND DRY- (4] ROITT242
— FILM LUBRITATED TO MINIMZE FRETTING AND FRICTION {3) ¢4). THE [SOLATOR AWD CARTRIDGE IKCORPDRATE A THICK CYLIMOKICAL (Tr DAR 2293
BORE DESIGH WHICH MIKIMIZES DUT OF ROUMBHESE DUE TO BADIAL LOADS {33 (4], THE LENGTH OF TRE BDRE IS5 [NCREASED TO
ELIMIRATE OUTER RACE CWERNARG DURING SHAFT AXIAL EXCURSIBNG ¢33 €4). THE CARTRIOGE |6 HIGA CYCLE FANDGUE LIFE LiMITED BY |

MAJOR WAIVER (7). FOR THE [SOLATOR, THE LEG WHICH TOMKECTS THE CYLIMDRICAL AORE TO THE MOUNT FLANGE PROVIODES |SOCATION
FOR THE QORE FEOM FLANGE BENDING AWD RADIAL GISPLACEMENTS (3). 7O MIMEMITE THE TNERHAL GRADIEN] BETWEEM TNE IP5STREAM
AND DEMNMSIREAN SLIRFACES OF THE ESCLATON, APPAOKIMRTELY 3 PEACENT OF THE SEARING COOLANT [5 HETERED THROUGH MINE EQUALLY I
SPACED OR[FICES IN THE [EOLATDR FLAWGE AWD DISCHARGED 1HTO A CAVITY FORMED BETWEEM THE THERMAL SHIELD (4] AND THE
ISOLATOR. THE LEAKAGE I35 ACCOUNTED #OR TN THE QAMPING SEAL OESIGM. THE THERMAL SHIELD [5 MAMZFACTLRED UTILIZING
IHCOMEL TIB, WRILH 15 SOLUTION HEAT TREATED AMD AGE-HARGENED (6}, THE BEARING RACES ARE MANUFACEURED UT[LI1ZEME 440C
CRES, WATLH WAS SELECTED FOR ITS HARDMESS AND LOAC CARRYING AMILIFY 453, THE ALLOY [S SIWGLE VACLRM MELTED T MINLMIZE
INFURITY FORMATTON (%) [2F, 0T IS AUSTENIZED, DUEACHED, OOUBLE COLD ETAGILIZED, AMD TEMPERED FOR AODITEOHAL WARDHESS |
AMD DIHEASIOMAL STABILITY {1) (2},
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T T maaa

| CIL LTERM: B400-11 | DESIGK | DOCUMENT AEF, '
ALL CAUSEE:
SILVER, K-MOREL, M-286 [RES, 302 CAEE, 521 CRES, A4S0 CRES, INCOLOY UDF, AMD INCOMEL THH SATISFY LOX COMPATIDILITY (11 RSES-BSTR-11
REQUIREMENTS [1). HIGH CYCLE AND LOW CTCLE FATIGUE LIFE OF THE FROMY AMD REAR (AMPING SEALS, BEAAIKG RETAINING BOLTS (}1 ALODS3E,
| AND LOCEUASNERS, BEARING RETAINING MUTE AMD LDCKS, SUPPORT, ISOLATON, PRELDAD SPRINGS, INTERSTAGE SEAL, TURNIME SEAL, CF3Z0RM0038
AND SHAFT HEEY CEI REQUTREHEMTS {2) WITH THE EXCEPTION OF THE TUREINE END PRELOWG SPREWG, WNICH 15 H1GN CYCLE FATLGLE (31 OAR 2033
|LLFE LIMITED {X), AMD THE CAATRIDGE, WHICH [S HIGH CYCLE FATIGUE LIFE LIMITED RBY MAJOE WALVER {79. THE MINIMLM FACTORS (&1 RSE-BS4E-14,
|OF SAFETY FOAL THESE PARTS, ALDHG WITH THE FLMR EKD BEARING, TURBIWE END MERRING AHD SECONO-STAGE WOIXLE, MEET CEI CPA1ZiROMTR
|REQUIREMENTS (&), THE WARDAWANE PANENT MATENIALS WERE CLEARER FON FRALTURE MECNAMICS/NGE FLAN GRCAWTH SIMCE THNEY ARE QT [3) NASR TRSK 117 |
FRACTURE CRITICAL PARTS, EXTEFT FOR THE PRENUGMER PumP BEARING [SOLATOR, AMD SUPPORT WHMICA WERE CLEARED BY CAITICAL ' (&3 PRLOOATE
INITIAL FLAY SI2E DETECTABILATY, FHE SECOMO-STAGE NOZILE WAS CLEARED BY RESK ASSESSMENT {5). PREUSE OF PARTE DUNEMG (71 DaR 1291
OWERHAUL ARE CONTROLLED 8Y THE REQUIREMENTS OF THE OVERHMIL SPECIFICATION (&)
| £IL 17EH: B4OD-93 | INSPECTIDN AMD TEST I
rraErwrs l--l---l.-.-.l.a.a.._*a.a..l.l.-.a.d._a..l..l.-l-d--l-l-l--l--.-!-ll-l-l--l--ld-l-d--l-d-—l-l-d--l-—-ll-l--l-ll-l--l-d-l-l--l--l--l-l-l--l—l-d-d-———d————————— - = e = = e e W T N B ECE H N BN N N RN N EEES S - e o ——— e = = -
| POSSIBLE CAUSES | SIGWIFLCAMT CHARARCTERESTLES ] INSFECTIDNIS )/ TESTLS) | DOCLMERT REF. |
___,__,....-...-...........,........................-...------.------‘.-.------.----.----.---.------.--.-----.-..-.-..-.-..-.a.-.--.-..-.--..--.-..-.--.-.a.a-a-a---—----—-—---—----.--.--.--.-..--.-....----'.‘.-.-----.-.----.--‘..‘-.... .
FAILURE CAUSE A: tltSﬂﬂﬂEﬂ - PLMP ERD BEMRING | . RS0DrTH
1!!901!'."955 - TURBLME EM0 BEARTNG | ) REQDTISS
I
[MATERIAL THTEGRITY [MRTERIAL ENTEGALTY is VERIFLED PER SPELCIFICATION REGULREMENTS. RO 650 064
REC1X0-D1]
|BEARING RACES ANE PEKETRAMT IWSFECTED PER SPECIFICATION REQUIREMENTS. RADT1S-114 ]
|
| BEARING BALLS AME £00Y CURRENT INSPECTED FER SPECIF[CAT|OM REGUIRMENTSA, RL OS5
i ;
| HEAT TREARY |WEAT TREAT I35 WERIFIED PER SFECIFICATION NECLUIREMENTS FOR THE RAELS AND BACES. EN1511-005
|
| SURFACE FlWiSn BEARING DRAY-FELM LUARICATIOM 15 VER|FEED FER SPECIF[CATION REGLUJREMEMTS. RATEDD-03%
| RA1ED9-040
| ! . RAYS1Z-002
| ]
| |ASSEMRLY IMTEGR]TY BEARINGS ARE ERDY CURREMT IWSPECTED MEE SPECIFICATION AEGUEIREMENTS. RLODT4S
| I
| | THE BALLE RMD RACEX ARE INSFECTED T AFDMA STANOARDS FOR SEZE AMD GRADE PER DRAWING 0 resa
| REQUIREHEN1S, | eSS
I | |

Zgd-d
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| CIL ITEA: B40D-11

AL e e erarmmato—armm

i POSSIGLE CAUSES

FAILURE CAUSE H-

€8T -d

CRITICAL 1TEWS List

Batm i i —errmssraans

CLEANLINESS OF COMPOWENTS

NEDATTEY - PREBUAKER PUNP

IMPELLER
RE00TTES - FORMARN PRESURHER
DAMEING SEAL
JRSDOTFSE - AFT PREEURNER
DM ING SERL

HATERTAL IWTEGHITY

HEAT THEAT

MSSEMBLT !NTEERITY

| STGMIFICAMT CKARACTERISTICS !

i e T T TR

PAGE 9

INSFECTEON MND TEST

ENSPECT ION (8 }/TESTES)

RACES ANE VERIFIED TO BE COPLANAR FEN DRAWING REQUIREKENTS.

b e rTmE s

CAGE FABRIC LATERS ARE INSPECTED PEN DRAWING RECLREMENTS.

[HEARTUGS ARE ASSEMALED AMD D]SASSEMALED PER SPECTFICATION REOUIREMERTS.

EEARINES ARE VERIFIED CLEANED PER SPECIFICATION REGUREMEMTS.

HEARIMGS ARE IMSPECTED FOR CORROSIOM FRIDR TO PACKAGING, BEFORE ASSEMGLY, AMD BEFORE
INSTAMLAFION FER ORAWING MND SPECIFICATION REQUIREFEMTS.

}
I
I
i
!HI.TEF.[AL INTECRITY |5 VERIFIED PER SPECIFICATIDN AND DRAWING AECUIREMEMTS.
INPELLER CASTING IS RADIOGRAPNIC INSFECTED PER SPECTFICATION REQUIREMEN1S.
IWPELLER 15 PEMETRANY INSPECTED PER SPECIFICATION REQUIREMEKTE,

HEAT TREAT 15 VERIFIEC PER SPECIFICAT|OH REQUIREMENTS.

IWRELLER 15 kOT LSOSTAYIC PRESSED PER SPECIFICATION REOUIEENENTS.

SLLVER EEMLS ARE PEMETMANT INSPECIED FEN SPECIF|CATION RECUIREMENTS.

T T T T e A e e T N NI N N A T EE E R eemm e o e mamae o

| OUCUMENT REE.

LI L L]

|ns007958
LE

R I00TR5E
REM)MRSS

ReOOP14

RLIJOM
RA1&10-051

ReOFpsE
REDDTES5
ALORS
ALDE A
REDOTTES
RSDOTTLA
REDDTTAS
BRI 155
R3007T04
RSO TG

| DT Y5 - 0O
RAITIS- 515
|RB0IFD-155
|

RLODIG

RADTTS - 116
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| CIL ITEN: B4DO-13

AsaraLEmmLiLAEEEER LIS

| POSSIHLE CALSES

CRITICAL ITEMS LIST FAGE 1D
| INSPECTION AuG TEST
B o o e e e e e e e e e e e e e T T EE I TETmm e mm N N EEEEEERAEA A Ao m e m - A AR A Ad AR ammmmmm e sm—- - -rrmmEa=
| SIGNIFICANT CHARACTERISTECE | IMEPECT IDNCS)/TESTIS )
B i R e e T e i et L R R

FAILURE CMISE €+

Fed - 8

—— — — . ——— "

RHH1I2D - BOL1S
REOOTRIF - SUFFIRT
RS0OTTI? - WILLTE

MATERIAL INTEERITY

HEAT TREAT

SUEFACE FIWISH

ASSEMBLY 1HTEGAITY

CLEAMLIRESS OF CONPOHENTS

SEAL MWD [MPELLER SEAL IHG DIAMETERE ARE IMNIPECTED PER DRAMING REGUIREMENTS.

RADIAL AND AMIAL CLEARAHCES BETWEEN THE SILVER SEALS AND THE JMPFELLER [% |HSPECTED PER
SPECIFICATIDN REQUIREMENTS.

{CONCENTRICITY DF THE SILYER SEALS AND [RE 1SOLAIOR IS INSPELTED FER SPECIFICATIOM
MEQUINEMENTS.

[MATEATAL IHIEGRITY |5 VERIFIED PER DRAUING REOUIREMENTS,

|BOLTS ARE PEMETRANT IWSPECTED FER SPECIFICATION EEOQUIREMENTS.

HEAT TREAT AMD ANNEALING ARE WERIFIED PER ZPECIFICATIOM ANG DRAWING AESI|REMENTS.

BALT DRY-F]LM LLBRICATION |5 WERIFIED FER SPECIF]CATION REQUIREMENTS.

HOLT IMSTALLATINM AND STRETCH ARE VERIFIED PER DRAVTNE AMO SPECTFICATIDN REMMIIREMENTS .

LOCEWASHER DEFORMATIDN 15 WERIFIER PEA DRAUING AMD SPECIFICATION REMJIREMENTS.

|COMPOMENTS ARE VERIFIED CLEAMED PER SPECIFICAYIOW RECUIREMENTS.

L ML E AR e e s rrmEEEA L ey maoe o

[ DOCUMENT REF_

A e A A d e e e ramEETL I EAERRA e —rman o

|Rs00TT23
|renoTrSs
| ns007T6s
]

JaLopais

{nLDDad &

ROO1 1320
REOOM3F
RE00TTIY

RODT13.20
RSDEM3T
ASO0TTIR
EADIT5-116
AS0te0-014
nADsit-020
ROD1TEST
AR {g-aal

15007701
ELOABT4

RE0OFT
ELDAAT4

AL100aY

— — — — m— —— —

—— e 2k e T S —



april 19, . o CHITICAL ITEMS LIST PaGE M
| CIL ITEM: 8400-1% | : TNSPECTION AND TEST |
___,_,____“._____....__._.+______._._....________..........____....____._.‘_______.._..._________.__,..._.______.___....____,............_____,............____.... L e et LTI T
| FUSSIBLE CAUSES | SIGNIFICANT CHARMCTERISYICS | IASPECTION(S 1/ TEST (%) | DOCUMENT REF . |
____._,________,_,_____._..__4,_____..._.____________....-......_+_,........._____..........‘___...__.........._-_-_-...-.;;_._......._.____,............._______,........____.|_,......-...‘..__......___“_____._
[FALLLRE CALSE Of RSGOTYTS - CARTRIDGE RSOOTOTS
[ R3007973 - SWPPCRI RSO0 VTS
| NS007973 - VORIEK RIMG | REONTITS
| ADDI 7547 - L OCKMASHER | ROOTFEST
| REDOTRLE - BOLT _ REQDIP45
I
f [MATERTAL INTEGRITY [MATERIAL TWTEGRITY 15 VERIFIED FER SPECIFICATION AMD DRALING REQKIIAEMENTS. | ka0 7g- 153
| EEDOTOTA
| nant PeLr
| I
| ICARTRIDEE 15 PEMETRAMI AUD ULTRASDMIC IWSPECTED FER SPECIF|CAEIDN REQUIREHENTS. RAD115-114 ]
! I k01 15-042
SUPPORT IE PENETRANT INSPECTEL FEN SPECIFICATION REGUIREMEMTS. BADT15-114
m ' l
; HEAT IMEAT HEAT TREAT AMD AMMEALING ARE VERIFIED PER SPECIFICATION AND DRAVING RECULREMEMTS. RAOG11-02D
k3 L0 rers
2 o017k 7
I
| SURFACE FINISH CARTNIPGE BORE CHEDME PLATISG I5 VERIFIED PER SPECIFICATION REQUIREMENTE. JRNIE0R-002
CARTHTOGE AND SUPPORT DAY-FILW LUBRICATION |5 VERIFIED PER SPECIFLCATION REOLIREMENTS. RAO17Z-D03 |
I
FAILURE CAUSE E: RO01T254 - WIF ROS 7254 |
RSODITIS - Wur REI0TTIS |
REODTTZZ - LOCKWMSHER R3007722 |
RSOATTI6 - LOK I RST74 {
: I
| JWATERIAL [WIEGRITY MATERIAL INIEGRITY IS VERIFLED PER DRANING AMD SPEGIFICATION REQUIREMEMTS, RSODTT15 |
| [ [rsear?ie !
} . |rsoarrze !
| RA0YT0- {53 !
I I i
| NUTS ARE PENETRANT INSRECTED PER SPECIFICATION REQUINEMERTS. |RA0115- 116 |
I I
| HEAT TREAT WEAT TREAT 19 ¥ERIFIED PER SPECIFICAT|OM REQUIREMENTS. RAGS11-020 =
I
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CRITICAL 11E

M5 LIST PAEE 12

CIL ITEM: Bs00-13

POSSIBELE CALISCR

FAILIRE CAUEE F;

98d -8

FAILURE CAUSE G:

T~

| SIGHEFICANT CHMRACTENISTICS

b e R e A MM Ao e o m e waaa——aae—

| SURFACE FIMESH

ATEEMOLY IMTECRETY

I
¢

ROOTE228 - MUHR END EFRING
ROOTZZ30 - TURGINE END £PR NG

MATERLAL ENTEGRIYY

|HEAT 1REAT

ASSEMALY ENTEGEITY

IHEUD??SE - SECOMD-ETAGE WMOTZLE
ADOIED2T - MOTILE ASSEMBLY
REOOPEST - INTERSTAGE SEAL

|WATERIAL IMTEGRITY

INSPECTIOM mND TEST

| [HEPECTIONL 5 ) FTEST(S)

T T L T T L L T f e i mem o -

HUT DRY-FILM LUBRICATION 1% VERLFIED PER SPECLFICATION REQUIAEMENTS.

AUT IWSTALLATICN AND YORQUE ARE YERIFIED FER DAAWING AND SPECIFICATION REQUTRCHENTS.

LOCK AND LOCKWASHER DEFORMATION 1S VERIFTED PER DRAWIMG AWD SPECIFICATION MEDUIREMENTS.

{RATERIAL INTEGRITY 1S YERIFIEQD FER SPECIFICATION REQUIRENEKTS,
|SPRINGS ARE PEMETRANT 1USPECTED PER SPECIFICATION REDUIREMENTS.
HEAT TREAT I%$ VERIFICO PER SPECTFICNTION REQUINEMEMT.

|SPRINGS CHANRCTERTSIIES ARE YEAIFIED PER SPECTFICATION RECUIREMENTS.

SPRINGS STEP LANDS ARE [HSPECTED PEA DRAWIHG RECQUIREMENTS.

MATERTAL IMIEGRITY L3 YERIFIE0 PER SFECIFICATION MEQUIRENENT.

SEAL 15 PENETRANI LNSPECTED PER SPECIFICATION NEQUIREMENTS.

NOZZLE 15 FENETRANT AMD ULTRASOMIC INSPECTED PER SPECIFICATION REGIIREMENTS.

| ODCUMEET REF,

e e e mwa T E L EEEEEARd ce—r

(RAD112-003

i
[asooFTa1

|aLooats

| es00TTO1
IRYDCATL

I
fRODI 2228
RO012230

nED17g- 176

AAD15-116

|RAD&11-020

RLOOA 1A
ALODE 14

ROD12228
ROD12330

RSQOTTS2
ROMIA02T7
REDDTOST

|AspoTse
A0 7g- 197

RLD115-116

RADTIS- P14
RAO11E-m12

L
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[ eIt 118R:  8400-13 |

e e e e e e R e e v T AT R EE R R R Ao e - o s R R R oo e e - vt

| POSSIGLE CAUSES | STGHIFICANT CHARACYERISTICS |

L et L T T Y T I Sty
| [MEAT TREAT

ENATE INTEGAITY

| ASSEHBLY ENTEGRITY

FATLURE CAUSE H; RSODM9GE - TUGRINE SEAL

ASTEMBLY
RSO0F70R - SHAFT (SLEEVE)

MATENIAL LMTEGRITY

SLURFALE FINIZH

[ASSEMELY CWTECRITY

i82-4

FAILURE COUSE f, J:  [RSIOTYIS

RSAOTOSA - PLMP EMD BEAN IHG
I RSOATPIS - ISOLATOR
I RSQOT974 - CARTRIDGE

|MATERIAL IKTECRITY

TURAINE EM0 BEARING |

CRETICAL ITEMS LIST FAGE 1%

THSPECTION AWO YEST
THSPECTIOMLS 1S TEST(S)
HEAS TREAT 15 VERIFIED PER SPECIFICATHOM NEGUIREHENTS.
HOMEYCOME BRAZING 15 [NSPECTED PER SFECIFICATIGH REQUIREHENTS.
ISEAL AND NDZILE SEALING DIAMETENS ARE INSPECTED PER SPECFICATION REGUIREMENTS.

ROTATIMG AJZEMBLY L[5 BALAMCED PEN SPECIFICAT IOW NECUIREMENTS.

MATERIAL INTEGRITY |5 VERIFIED PER SPECIFLCATION WECUIREMENT.

ENAFT SLEEVE LT ULTRASOMIC INSPECTED PER SPEC!FECATION WECHIIREMENTS.
SHAFT SLEEVE TUNGS1EN CARBIDE FLAME SPRAY [5 VENIFIED PER DRMMING REQUREMENTS_

SEAL AND SHAFT SEALING DIAMETERS ARE [MEPELTED PER OMAMING REGHIREMENTS,

CLEARAMCE @ETUEEN THE SEAL WD SLEEVE % VERTFIED FER DRAVING KEQHI|REMENTS,

|MATERLAL [NTEGRETT IS VERIFIED PER SPECLF|GATION NEW[RENENTS.

PRIMARY AND SECCHDARY TUREIME SEALS ARE LEAN TESTEQ PER SFECIFICATION REODULNEMENTS.
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| SIGHIFICANT CHARACTERISTICS

e sy —

CIL I[TEM:

POSSIOLE CAUSES

. LA N A AL oo e rmrawmdamEEE L s A Ao -

g8Z-g

|
I
I

ALL CAUSES:

CRITICAL I1EMS LIST

HEAT TREAT

SURFALE FINISH

|ASSEMBLY IMTECRITY

CLEANLIKESS OF COMPDMERTS

RSO FF01 - HPOTH

ASSEMELY INTEGRITY

| ODCLMEMT REE,

PAGE 14
[MSPECTION AMD TEST
| IMSFECTLONCS)STEST(S)
________.-+......-....;_.___..__----------'--...-a..n___---—-—--------------------------a—d----—vr---*----—aa--,'.--.-..;._
[BEARING RACES ARE PENETRAMT INSPECTED PER SPECIFICATION RECQUINEWEMTS. RAO115-116
|
BEARING BALLS ARE EDDY CURRENT INSPECTED FPER SPECIFICATION REGUIREMENTS, RLOO5AL
I
CARTRIDSE AND [SOLATON WRE ULTRASOMIC AMD PEUETRANT [WSPECTED FER SPECIFILATON RAG195-01 2
REGUIRERENTS . RAD11S-116
HEAT TREAT |5 VERIFIED PER SPECIFICATION REQUIREMENTS. AK1671-005
RAGST1-D20
CARTRIDGE AND |SOLATOR SORE CHNOME PLATING I5 VERIFIED FER SPECIFICATION IR1509-102
REQUIREMENTY,
CARTRIDGE AMD |SOLATOR DAY-FILM LIARICATION |5 YERIFIED PER SPEC|FICATION RAD{12-803
REQUIREMENTS.
BEARINGE ARE EDDY CURREWNT INSPECTED PER SRECIFICATIDN REGUIREMEMTS, LN
|HEAH]HGS ARE ASSEMBLED AED 0]SMSSEMBLED PER SPECIFIEATION REQUEREMENTS. AL DOP 16
BEANIMG OUTER RACE DUTSIOE DIAMETERS, AND ISOLATOR AMD CANTRIDEE BORE OIAMEVERS ANE RSODTFE
INSFECTED FER DRMJSING REGUTREWENTS. REOOFYSS
I |Rstoresa
[Rsoorre
BEARINGS ARE WERIFIED CLEANED PEN SPEC!FICATION REQULINEMENTS. RL10DG1
RATE10-051
|Rs0BTF)
THE PUMP SUBASSEMBLZES ARE IMSPECTED DURING OVERHALL FEE SPECIFIEATION REQUIREMENTS. |rLOOSTS
INSPECTLONS [NCLUDE: VISUAL, GIMENSIONAL, PEMETRANT, AND REPLACEMENT OF USAGE JTEMS AS  {RAOT15-114
APPLICABLE, PER OVERWAUL CLASSIFICATION, |
OPERATION/PERFORNARCE 15 VERIFIED BY ENGINE MOT FIRE TESTING WD 2aD E & W [NSPECTIONS.  {RLODOSO-D4
| RLOGOSS- Df
IRLOOYS6- 07
[rLOO4E1
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| CIL ITEM: B400-13 | INSPECTION AAD TEST
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| [FASTENER ITNSTALLATION AWD TORQUE ARE VERIFIED PER DEAMING AMD SPECEFICATION RECKI[NEMENTS.
I

I

I LOCK AND LOCKWASHER DEFORMATION 1S VERJFED PER DRAWING AMD SPECIFICATION RESHIREMENTS.

I

| MO. ¥ BEARING 15 BORESCOFE IWSFECIED AFJER ENCH HOT FIRE PER SPECIFICAT IOM NEQUIAEMENTS.

TORQLE CHECKS WRE PENFGEMED PALDR TO EACH FLIEHT.

HPOTP WICROSHAFT TRAVEL MEASUREMENTS ARE PERFOAMED PRIOR T3 CACH FLEGHT PER SPECIFICATION
RECUI REMENTS.

682 -4

[OATA FEDM PREVIDUS FLIGHT ON HOTFIRE [5 REVIEUED FOR PROPER TURBOPUWE
GPERAT IDWSPERFORMANCE. (LAST TEST)

FAILURE HISTORY: C(OMPREHEWSIVE FAILLURE NISTORY QATA [5 MAELNTAIMED 1M THE PNDBLEM RERORT |NG DATANASE CPRAME/FRACA) .
REFEREMCE: WASA LETTER SA21768/508 AND ROCAETDYRE LETIER BERCOYTAL.
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FHEA{LIL WELE JDINKTS

[RLE 0409,
BASIL WELD
CONP IHENT PRAAT WD, WELD MO,  TYPE
MATH HDUS N A5907729 1,2 £
HAEN HOUG1HG TSTIH 3 EEN
HRIR HIYS1HG K5B07T2 CRU
NN NOUGIHG REBOTTEY 1,12 6N
HATH HOUS1ME REOOTTZY i3 EON
TA14 HEUSIHG REROTTZY W17 I
NATH HAUSIHG RBOOTT2Y B, EM
YAIN HOUSEHR RIDO772Y 2,13 AW
HATH HDUS1 HE R5007728 2,0 o
NAIH HOUSTER RIRIIZY NS9O
NATH 1DUSING R9DR7 729 15 BERY
HATH HDUS!KE AGOET7RY " BIRY
NAIN MDUSING R3O0} 124 1 L
NATH IOUSIND RSADIT2Y 0 BIRM
RASH HOUSTHE Lt a2 G
HATN MEGS|HG 25607729 54 STAW
NRIN HOYSTHG N5ROIIZY 15,5 S
HAIN MELS |G REOOTTZY Y HTW
HATH HOUSTHE RB0OTTZ 82 BTN
NATN HOUS 1HG k3002 43 Bl
NATN EOUS1HE RE0OTTZ v A
MAIN HOIS1HG RBOTIY 45 BT#
HAIH HOUSIHG RBCOTTZY §6-70  BTAH
INET WSTHG RG007712 1 AT
INET HOUSIHG RS00TT32 8,9 BT
VOLUTE FB007772 1,15 9T
VOLUTE RB007732 0,H 0T
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WALUTE RE0077T2 W2 KT
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TABELE 1400,

FREA/ELL HELD JOINTE

HiG FRESSUME GXIDIZER TUMSOPUN

ADET CRITITAL INITIAL
BASIC NELD S10E WOT  FLAY BIZE NOT RETECTANLE
CONPDNERT PARTMD.  NELD HR. TYFE  fUASS  ACEEBS HEE Le¥ LOHNENTS
FLNGE RB00T736 bt 1L I | Y
FLARBE ROIIZIE ML M I ¥
FLANGE RE007 734 -6 B 1 Y
FLANGE REONI I3 19,20 BAN \
FLANGE REO#773b 1 s |
FLRNGE RENDTTH 22 EBN 1 X
FLAKBE AEN07T34 7 g 1]
FLANGE REOOTT34 0 w4l 1
FLANEE REOTT34 % 1 K
BELLD¥S REOOTIM 1,25, ot ] y
FELLNS REDOTIM 3,1 (40 ]
HOVSIND RECOTI 1,1 ) 1 Y y
HODS Kb ABOTINS 3 g i g
HDUGi+ ¥ RE007744 ' 1 Rl "
HIMSE ABO07TNE 3 a0l k 1
HOUS 144 #0007 145 11 w1l 1 I
NDUS 1M RI007THS -2 a0l I I I
HAL T 007745 XTI L B! ] '
EELLDWS RBLOTIAN ) EER 1
FELLINS RE07THS 7 o I
¥ELLOWI R007IMY 14 L
BELLNG 9007747 5,6 ) 1
BELLOWY RH07149 I ] I
BELLENS RSONIT4Y 12 £ 1
BELLONS RI007751 3 £ L 1
BELLONG REORI73) ‘ EM [ ] 1 ]
BELLOAS R508I751 ] B 1 1
BECOND GTAGE NOTILE REH0ITS2 1,2 EEN ) 3
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Y 01N RSI071SH L BT I i X '
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PAGE 1 OF 2
GIL JVEMS: BADD-XH | _ wors PSR RSOOTFY
e L L L L L L L L E T R R T I T T g ey S
BASE LINE RATIOWALE | VAR [ANTE ] CHANGE RATIONALE [* VARTANT DASH HUMBER
e L R L e T T
1. BMB-02, BADO-03 SECOHD  |SECOND STAGE WOZILE CARTINGE |WDT [SOSTATIC FRESS IMCREATES STAUCTUAAL INTEGRITY §¥ REQUCING CASTING -121, -§31, -r4r, 154,
ATARE ROXPLE CAETINE 15 NOT HAVE MOT @€EM HO! 1SCSTATIC  |WICROFORDSLTY. =141, -tr1, =199, -1,
ISOSTATIC PRESSED PER DAAMIND |PRESSED =M1, 211, 22, -5,
REQUIREMENTS. {ECP 1K-2R40) |usE AS ES RATIOMALE: -241, -251, -281, -a,
: . =201, -30F, =317, -18%,
1. LEFE LIMIT oM WoM KOT ISOSTATIC PRESSED ZWD S1AGE ROXILES REDUCES =350, -IM, -4
PROBARILITT ©F LOW CYCLE FATIGUE CRACKING RESULTIMG FROM EXLESSIVE
HICROPURDEIFY. C(OAR 294T)
Z. A PENEIEMNT INSPECTION IHTENVAL WAS BEEN IHPOSEC OR WOM HDT 1305TATIC
PRESSED 2MD STRGE NOZILES TO VEAIFY MO CRACKIHG M ENCESY OF ALLOHABLE
LIHITE.  (PAR 2147}
2. B4O0-13, A400-22 BEARINGS ARE PROCESAED AND LOWG TERH FATIGUE LIFE ©F BEARING |5 ENTEROED BY REDUCING THE ALLOWELE SIZE AKD {-121, -131, -1, -15t,
PROCESSEC: MNO IMSPECTED PER  |INSPECTED PER SPECIFITATION  [GIMATIVY OF ALLWARLE DEFECTS, : -1, 10, -1, -,
SPECIFICATION REGLIREMEMTE REQUIREMENRTS (RLOOSSA), -2, -4, -211, -IN,
(RLODD1S].  LECP M9} JUSE AE IS5 FAT!OMALE) =21, -39, -281. -2,
-291, -3, -911, -33%,
1. WEAR LIFE LIMIT ON DEARNHGY PREVENTS WEAR FROM CRCEEDING NLLOWMILE -3R1, -3IM, 404, AW
LIMITY. (DAN 2054, DAR P02 -R21, -4, 44y, -E51,
-4 41
2. CONTIRUED WSE HITE ALLOWMALE DISCREPAMCIES 15 COMTROLLED PEN THE
WAIMTENAHCE COMTROL OOCUMENT REUUIREMENTE {PA£-270%).
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CIL ITEMS: B&00-NK |
BASE LINE RATTONALE | VAR IANCE
3. BAG0-21 HOUSING PETAILS |[HOUSIMG DETAILS HAWE NOT BEEM

ANE ULTRNSONIC LNSPECTEG PER |UI.'I'IH.EBI.III: INSPECTED PER
ORAVING AMD SFECIFICAYTION IIIIMHII[‘- ARD SPECIFICATION

RECIREMENIR. {ECP &HB0% |REQUIAE PEMTE.
£, B&D0-21 FITTIK] ASODTTZ7-059 TEE-FATTING 15
. |NATERIAL IHYECRITY I§ MAMUFACTURED FROM AIR MELT

VERIFIET PER SPECIFELRYIOH 321 cRES DAR (0D-5-TEX CLE
FECUIREMENTS {IACOMEL THE, COMD AD.
REDIID- 153,

b

mLiEmY I wre mmdAAEREEAEEEEt AEE S smawdt AR mrnd
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FIELD COHFIGURATION VAREANCES FROH CIL RATIDWALE

hPoTR
| CHAMGE RATIUNALE

THE ADDED WDt PROVIGES ADOED CONFIDENCE THAT THE CRITICAL FLAY 21ZE 1% DETECTEN
IW THE PAREWT MATERTAL OF THE HOUEING OETAILS.

USE A5 [5 RAFICHALE: -
1. HWOUEING DETAILS ARE ACCEPTABLE WITHOU1 ULIRASUMIC INSFECTION DUE T A

PENETRANT IWSPECTION OF JHE HOUSING QETAELE, TIE PEMEVRAMT PRSPECTION
[9 ADEQUATE VO BETECT CRITICAL IHITIAL FLAUS UNILH ARE THROUGH TRALKS.

INCOKEL T15 MATERIAL DOES MOT EXHIAIT IWCLUSION STRIMGERS WHICH ARE SUSCEPTABLE
T CHEMECAL ATTACK AHD MAY RESULT 1N LEAYAGE.

|UST AS 15 RATIOMALE:

{. FITFINGS ARE LEAK CHECKED FOLLOWING PNOOF PRESSUNE TEST PER RLIDST.

7, LOADS THOUCER BT FAHRICATION {WELDIHG AHD PROOF PRESSUNE TESTING) ARE

HIGMER THAW DPENATIOHAL LOADS AND EUFFICIENT TO SCREEM -O5¢ FITTINGS
FOR LEAKAEE.

.‘hI

PAGE 2 OF 2

P/ REODFT
VAR AU DASH HUMBER

121, 131, -1, 16,
81, =171, 4181, -1,
201, -211, -281, -8,
261, -251, <261, 27,
s2¢, =301, -3, -331,
-351, -371, -501, 411
421, -§31, -&&1, -451,
481, K71, -4B1, 591,
-5M

-1M1, -t
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